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A brief biography

PhD from the University of Queensland (Australia), in 2007.

Working on nanoencapsulation of food bioactives for the past 15 years.

A full professor, and academic member of GUASNR (Iran).

Publishing >200 papers (h-index= 50) in top-ranked international journals
Editing 36 books along with 37 book chapters with Elsevier, Springer, and Taylor.

One of the top 1% world scientists in the field of Biological Sciences (Thomson
Reuters, Essential Scientific Indicators); Nov, 2015.

One of the top national researchers (Iranian Ministry of Science, Research, and
Technology); Nov, 2017

One of the world’s highly cited researchers (Clarivate Analytics, Web of Science); Nov
2018 and 2019.

Top reviewer in the field of agricultural and biological sciences (Publons, Web of
Science); Sep, 2017-2019.
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Organic nanoparticles

Polymeric nanosphere Polymeric nanocapsule

Polymeric micelle Liposome Dendrimer

Inorganic nanoparticles
Mesoporous silica nanoparticle

Iron oxide nanoparticle
Gold nanoparticle

Quantum dot




% v
// ‘Workshop on Challenges and Innovations in Nanotechnology

A systematic classification of different nanocarriers

applicable to food bioactive ingredients and nutraceuticals

A. Lipid-based B. Nature- C. Special D. Biopolymer-

E. Miscellaneous

inspired equipment-based based nanocarriers

el = nanocarriers nanocarriers nanocarriers

Single biopolymer

Nano-emulsions Caseins Electrospinning g ety

Nanocrystals

Nano-structured Complexd
phospholipid Cyclodextrins Electrospraying biopolymer
carriers nanocarriers

Nano-structured
surfactants

Inorganic

= Nano-lipid carriers nanocarriers

Amylose Nano-spray dryer Nano-gels

Chemical polymer
nanoparticles

Micro/nanofluidics Nanotubes
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A. Lipid-based nanocarriers

Nanoencapsulation in the Food Industry

)
=

Nanoencapsulation in the Food Industry
Lipid-Based Nanostructures
for Food Encapsulation Purposes

Volume 2

Edited by

Seid Mahdi Jafari, Gorgan University of Agricultural Sciences and Natural resources, IRAN.

Lipid-Based Nanostructures for Food Encapsulation Purposes, a volume in the Nanoencapsulation in the Food Industry
series, reviews recent studies on formulation and evaluation of different categories of lipid-based nanocrriers, discussing
how the technology of lipid nanoencapsulation is feasible to be used in industries.

Lipid-based lation systems are mostly used in the food, pharmaceutical, and cosmetic industries. Water-insoluble

mthMmbﬁdmﬂnhmnﬂdmamMMaMhmﬂn

book covers the main types that have been studied and developed in recent years, induding nanoemulsions, nanoliposomes,

nanostructured lipid carriers, and surfactant nanocarriers.

Key Features

*® Brings recent studies on formulation and evaluation of different categories of lipid-based nanocarriers

* Discusses how technology of lipid nanoencapsulation can be used in industries

* Summarizes the practical application of nanostructures from lipid formulations such as nanoemulsions, nanoliposomes,
nanostructured lipid carriers and surfactant nanocarriers

7 Prof. Seid Mahdi Jafari received his PhD from the University of Queensiand (Australia), in
| 2006, He has been working on nanoencapsuation offood bioactvesfo the past 15 years. Now,
as a full rofessor, he is an academic member of GUASNR (iran). He has published more than
150 papersin top-ranked Intemational Journals (h-index=335 in Scopus) and 30 book chapters

sasoding uoiejnsdedu3 poo4 104 sainpniisouep paseg-pidi]

2 along with editing 11 books with Elsevier. In November 2015, he was awarded as one of thetop Volume 2
1% world scientists by Thomson Reuters (Essential Scientific Indicators) in the field of Biological . .
S em I ——r Lipid-Based Nanostructures
the Iranian Ministry of Sdence, Research, and Technology. Recently in November 2018, he was .
e e vt ey Gt s WS, for Food Encapsulation Purposes
'olume
p
ACADEMIC PRESS @
a @ An imprint of Elsevier ‘ “ ‘” Ed‘edby
ELSEVIER ievier.com/books-and-journal 8 76012515675 APRESS Seid Mahi Jafari




A. Lipid-based nanocarriers

7

« Single nano-emulsions: Oil in Water (O/W); Water in Oil (W/0)

e Double nano-emulsions: W/O/W; O/W/0

e Pickering nano-emulsions

 Structural nano-emulsions: Single interface layer; Double interface layer

2. Nano-structured phospholipid carriers

« Nano-liposomes: Monolayer; Multi-layer
« Nano-phytosomes: Monolayer; Multi-layer
e Structural nano-liposomes/phytosomes: With coatings

« Solid Lipid Nanoparticles (SLNs)
« Nano-structured Lipid Carriers (NLCs)
» Smart Lipid nanocarriers
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Double emulsions Nano emulsions

Surfactant  Oil pase Water phase
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Pickering emulsions and colloidosomes

ﬁfﬁ\ﬁﬁﬁ%‘% solid particles

%g oil é oil :
water 5'{ 2&‘@5’ water .’..‘

o/w classical emulsion o/w Pickering emulsion

SEM images of a typical
colloidosome showing (a) the
assembly of colloidal particles
on the interface of an emulsion
droplet and (b) & (c) the pores
(open space between particles)
that control permeability




12

A

F"‘i“‘l"‘_u
[Z§N)
ASET

B6
=
=]
=
|
(=]
="
-
[=]
=
o
4

novations in

nd In

Workshop on Challenges a

liposomes vs nano-phytosomes

Nano




J — e A,
‘Workshop on Challenges and Innovations in Nanotechnology w ‘% @ _;{\“’g

SLNs, NLCs and the latest generation smartLipids®

Lipophilic compound

1 solid lipid + up to 10 lipids
1 liquid lipid (solid or solid + liquid)

Solid lipid nanoparticle
(SLN)

composition 1 solid lipid

structure ordered less ordered highly chaotic
. . . . Solid lipids with different
active loading low medium high dimensions Solid lipid

Water insoluble ingredient Lipophilic compound Oil phase

\

Solid lipid
L v
, : y

\(Bioactive-enriched matrix) (Bioactive-enriched shell) (Bioactive-enriched core) )

Imperfect type Amorphous type Multiple type

Solid lipid nanoparticles'(SLN): typical size<100 nm




Caseins: Alpha, Beta, Gamma-caseins

y

Cyclodextrins: Alpha, Beta, Gamma-cyclodextrins

Amylose: Single helix; Double helix
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Casein nanocarriers 15

Calcium phosphate Caog(PO.)s

Submicelles (12 - 15 nm)

34%

Micelle (20 - 300 nm)

Casein micelles

-

© curcumin k&a caseins

Hydrophobic compounds

Hydrophilic compounds

Calcium phosphate

v
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Casein submicelle

Calcium phosphate
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Amylose nanocarriers

.| 120-500 nm
Reducing end

Lipid Nanocrystals
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Electrospinning: Single injection nozzle; Coaxial double injection

Electrospraying: Single injection nozzle; Coaxial double injection

Nano-spray dryer

Micro/nanofluidics
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ano-carriers prepared with electro-spraying
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Nano Spray Dryer

asrwn=KOOQ

-—» Feed
_@ <= (1 ~——» Drying gas (cold)
® —» Drying gas (warm) spray head
= 2 Product
Pump (defining Feedrate)
Aspirator 3 plEZOG'ECtFIC hole
Heater
Filter actuator
z;yz"zﬁgas " Q0 spray cap
Drying chamber ” [
Collecting electrode hlgh frequency dr0p|et
Grounded electrode h vibration
pus
/s R YNE %
Y e um
00000

SR mesh droplets aerosol

@ drying gas with
spray dried charged
particle

particles
% corona
\ discharge

electrical field & cylindrical
collecting

electrode

negative
ions
star-shaped cross-sectional

discharge view
electrode




Micro/nano-fluidics

Inner fluid
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Coaxial flow of the two fluids

T-Junction geometry Lab on a chip
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D. Biopolymer-based nanocarriers
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Nanoencapsulation in the Food Industry Nanoencapsulation in the Food Industry
Biopolymer Nanostructures

for Food Encapsulation Purposes

Volume 1

Edited by

Seid Mahdi Jafari, Gorgan University of Agricultural Sciences and Natural resources, IRAN.

Biopolymer & for Food Encapsulation Puposes, avolumein the N asudation s the Faodlnds by seces,
quidesreaders on how tofabi " jers from ifferent proteins and polysaccharides and apply them
for food encapsulation purposes.

One of the main technologies for preparing nanoencapsulated bioactive ingredients and nutraceuticals is application of
biopolymeric nanocarriers. This book covers recent and applied research in all disciplines of bioactive and nutraceutical delivery
systems. All chapters emphasize original results relating to experimental, theoretical, formulation, and/or applications of

nanostructured biopolymers.

Key Features

’Prmdmpdmdﬁxmbnmmdmm i iers from proteins and poly
o Dok intece sl I of biopoly o lati

o it el s o Tl e evetaniy isctie ey sy

About the Editor

o< MWWWMMHDMMUMMWW)n
* 2006. He ki psulation of food bioactives for the past 15 years. Now,

| asafull Professor, m:-mmawmom) He has published more than
- | 150 papersin top-ranked Intemational Journals (h-index=35 in Scopus) and 30 book chapters
- +- 5| alongwith editing 11 books with Elsevier. In November 2015, he was awarded as one of the top

sasoding uonejnsdesu3 poo4 1oy sainydniysouey Jawhjodorg

19%workdscentists by Thomson Reuters (Essential Scientific ndicators) in the fekd of Bological Volume 1
b iyt s, v e e Biopolymer Nanostructures
B for Food Encapsulation Purposes
1
B () oo ‘ HH' @)
T O 780125115 Sl Seidm:mafari
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D. Biopolymer-based nanocarriers

1. Single biopolymer nanoparticles

« Protein nanoparticles made by desolvation: WPC, WPI, beta-lactoglobulin, BSA, Lactoferrin, SPI, Gliadin, Silk fibroins
« Polysaccharide nanoparticles made by precipitation: Chitosan, Starch, Cellulose, Gums

2. Complexd biopolymer nanoparticles

 "Protein + Protein" nanostructures
« "Polysaccharide + Polysaccharide" nanostructures
« "Protein + Polysaccharide" nanostructures

3. Nano-gels

« Nano-hydrogels
« Nano-organogels/oleogels
» Mixed nano-gels

4, Nanotubes/nanofibrils

«Protein nanotubes made with alpha-lactalbumin
«Protein nanofibrils made with beta-lactoglobulin
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=0atlp = 0 neutral
> 0 at pH<pl > 0 cationic
< 0 at pH>pl < 0 anionic

Similarly charged biopolymers (or a mixture containing

a neutral partner) Oppositely charged biopolymers

In the presence of excess amount
Complete electroneutrality of one partner troneutrality
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Nanotubes

partial

@ g hydrolysis &) &3 Ca?
g S O
- @

Milk protein Building
a-lactalbumin blocks

Nanotube
diameter 20 nm,
cavity 8 nm

Protein-phospholipid nanotubes

BSA + Alginate nanotubes

a-lactalbumin nanotubes



 Poly-y-glutamic acid (PGA)
« Poly-capro-lactone acid (PCA)

e Dendrimers
 Niosomes

e Cubosomes

e Microemulsions
« Magnetic nanoparticles

« Silica nanoparticles
« Carbon nanotubes

2. Nano-structured
~ surfactants

3. Inorganic
nanocarriers

e Quantum dots

e Gold nanoparticles

 Bioactives within nano-crystals made with cellulose, starch, ...
 Bioactive crystals within other nanocarriers

4. Nano-crystals
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Nano-structured surfactants: Niosomes

o Hydrophilic drug

L Hydrophobic drug

Hydrophobic drug

(. ] Polar head group ‘ Hydrophilic drug

\> ] Hydrophobic tail

.
Amphiphilic polymer

Cubosome Monoolein
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Macro-Emulsion

Micro-Emulsion

>500 nm Hydrophilic
phase

Hydrophobic
phase

Low (< 4%)
Surfactant Surfactant

1-200 nm

Hydrophobic
phase

Surfactant
Co-surfactant

Hydrophilic
phase

High (>30%)
Surfactant

Requires input of energy

Forms Spontaneously— No energy

Microemulsion
droplet

il molecules incorporated
between surfactant tails

Nanoemulsion
droplet

Qil molecules incorporated
as a hvdrophobic core
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Nano-structured chemical polymers: Dendrimers

Focal point
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Nanoencapsulation Technologies
for the Food and Nutraceutical Industries

Edited by

Seid Mahdi Jafari

Nanoencapsulation is a novel area of research in the food industry being
developed rapidly in recent years. Nanoencapsulation Technologies for the Food and
Nutraceutical Industries supports this subject and discusses the methods applied
in the entrapment of nutrients plus the latest practices in the industry. Edited by
a leading scientist, this book is prepared for scholars active in the field of food,
pharmaceutical and nutraceutical science, which is an essential reference in the
field of nanoencapsulation techniques and a powerful resource for the future
encapsulation and controlled release technologies.

Dr. Seid Mahdi Jafari received his PhD degree in Food Process Engineering from the
University of Queensland (Australia), in 2006. He has been working on the nano-
emulsification and nano-encapsulation of food ingredients for the past decade. Now,
asanAssociate Professor, he is an academic member of GAU (Iran). He has published
more than 75 papers in top-ranked international Food Science
joumals and 15 book chapters along with editing 4 books with LAP §
and Elsevier publishers. in November 2015, he was awarded as one
of the top 1% scientists of the world with the highest citations by
Thompsan Reuters (Essential Scientific Indicators) in the field of
Biologjcal Sciences

7 ACADEMIC PRESS
A An imprint of Elsevier
ELSEVIER elsevier.com/books-and-journals 0 17301281094385
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Nanoencapsulation Technologies

for the Food and Nutraceutical Industries

Edited by

Seid Mahdi Jafari

notechnology

Seid Mahdi Jafari
Nanoencapsulation
of Food Bioactive

Ingredients
Principles and Applications

In our previous book titied Nanoencapsulation Technologies for the Food and
Nutraceutical industries (Elsevier, 2017), we covered the nanoencapsulation
techniques applicable to the food and nutraceutical industries plus their
classification to make the foundation of next studies.

This book Nanoencapsulation of Food Bioactive Ingredients presents the
cutting-edge research in the field of nanoencapsulation for different food
bioactive components including phenolic compounds and antioxidants, vitamins,
natural food colorants, fish oil and essential fatty acids, flavors, minerals, food
antimicrobial agents and essential oils, enzymes, bicactive peptides, and
biological molecules. The main goal of this book is to provide recent research
activities of panoencapsulation in the food industry based on special and
categorized food bioactive components.

ir. Seid Mahdi Jafari received his PhD degree in Food Process
the University

sjuaipaibuj aA1deOIg POO4 JO uoilejnsdedusouen

Seid Mahdi Jafari

Nanoencapsulation
of Food Bioactive

Ingredients
Principles and Applications



Nanoemulsions

Formulation, Applications, and Characterization
Edited by Seid Mahdi Jafan and David Jullan McClements

Nanoemulsions: Formulation, Applications, and Characterization provides detailed
information on the production, application, and characterization of nanoemulsions as
presented by scientists and engineers from the food, agrochemical, chemical, cosmetics,
and phammaceutical areas. Those invoived in the nutraceutical, pharmaceutical, and
cosmetic industries will find this a useful reference, as it presents state-of-the art information
related to the different preparation and formulation methods of nanoemuisions and thew
application in a broad range of fields and products. This book highlights recent research
that clearly demonstrates the advantages of nanoemulsions over conventional emulsions for
many commercial applications, making it a timely resource.

Key Features

e Summarizes general aspects of nanoemulsions and their formulation

* Provides detaidled information on the production, application, and characterization
of nanoemulsions

* Highlights existing and novel applications of nanoemulsions in functional foods,
nutraceutical products, pharmaceuticals, agrochemicals, and cosmetic formulations

Explains the preparation of nanoemutsions by both low- and high-energy methods

Seid Mahd Jafar is an Associate Professor in the Department of Food
Materials and Process Design Engineering at Gorgan University of
Agncuttural Sciences and Natural Resources, Iran. He has been working
on the nanocemulsification and nanoencapsulation of food Ingredients for
the past decade and he has been awarded as one of the top 1% scientists
of the world with the highest citations by Thomson Reuters (Essential
Scientific Indicators) in the field of Biclogical Sciences.

Dawd Julian McClements is a Distinguished Professor in the Department
of Food Science at the University of Massachusetts, Amherst, USA. He

is one of the most highly cited authors in the food and agricultural area
and is nternationally recognized for his research on the fabrication and
application of nanoamulsions and other types of colloidal delivery systems.

b o ACADEMIC PRESS
i& An imprint of Elsevier
ELSEVIER elseviercom/books-and-journals ) 1780
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Nanoemulsions

Formulation, Applications, and Characterization

Edited by

Seid Mahdi Jafari
David Julian McClements
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Dr. Seid Mahdi Jafari

Department of Food Materials and Process Design
Engineering

Faculty of Food Science and Technology
University of Agricultural Sciences and Natural
Resources, Gorgan, IRAN

Smjafari@gau.ac.ir




